INTRODUCTION
Palaeoichthyology began with Louis Agassiz in the first half of the 19th century. His monumental work on fossil fishes (Agassiz, 1833 (Agassiz, -1844 was succeeded by Woodward's catalogues (1889 Woodward's catalogues ( , 1891 Woodward's catalogues ( , 1895 Woodward's catalogues ( , 1901 of the fossil fishes of the British Museum (Natural History), London. Woodward compiled knowledge of fossil fishes at the time, gave synonymy lists, diagnoses of taxonomic units and systematic arrangements of larger groups. His work was very influential over many years and is still an important source of information. At that time fossils were not treated like living organisms, they were described and compared on the basis of external features such as shape, body proportions, sculpture and number of elements.
E. Stensiö changed that approach. He considered fossils as animals embedded in rocks, as for example extant forms enclosed in paraffin. In 1916, a young graduate student, Erik Andersson, had so impressed A. S. Woodward in London with his approach, that he, now known as E. A:son Stensiö, was subsequently offered the opportunity to study the cephalaspids from Great Britain deposited in the British Museum (Natural History). He published many monographs on the anatomy of lower vertebrates such as cephalaspids, placoderms and actinopterygians, and acquired a large group of followers and disciples in Sweden and abroad, the so-called "Swedish school," characterized by both detailed anatomical descriptions and comparisons with extant forms. Phylogeny through time played a secondary role in their thinking. The goal was to construct a "Grundbauplan" for each group that should include all features that had ever appeared in the group: the approach of the ideal morphologists of the 19th century. From the 1930's into the 1960's Stockholm was the center of palaeoichthyology ( Figure 1 ). It was only natural that E. Stensiö should be honoured with a Nobel Symposium in 1967. Thomson, and Emilia I. Vorobyeva. As was common at the time, all these scientists were from the northern hemisphere and had wide reaching international connections, but representatives from the southern continents and China were missing even though E. Stensiö had good relationships with the Chinese embassy. Australia, however, was represented by the director of the Zoological Garden in Sydney, R. Strahan, who supported without leaving traces of these changes. In Stockholm, this was done by retouching photographs by hand.
A visit to the former residence of C. Linné (Uppsala and Hammarby, Figure 2 ) provided a good demonstration of the need for stable classification. In 1972, the second symposium was organized by the Linnean Society of London to honour E. A:son Stensiö and E. Jarvik for their outstanding contributions to the description P R O V A S vii and interpretation of fossil vertebrates. Nevertheless, times had changed. G. J. Nelson had pushed strongly for the application of Hennig's approach during the years since 1967 and the second symposium was held in a completely different atmosphere. By contrast to the first symposium, and to the "Swedish school," establishing relationships within and between groups based on synapomorphies was the main goal of the second symposium. The presentations at this meeting followed the modern approach of using Hennig's principles to establish phylogenetic relationships. A diagrammatic scheme of sister group relationships can be found in more than one half of the contributions to the proceedings (see Greenwood et al., 1973) . Compagno (1973) presented the first phylogenetic scheme for extant Euselachii, whereas Zangerl (1973) continued to present developmental levels (grades) through time. Miles (1973) tested his 1968 proposal that the acanthodians are the sister group of the osteichthyans, a relationship supported by Gardiner (1973) , who also argued, in the same volume, for a division of osteichthyans into actinopterygians and sarcopterygians (Crossopterygii + Dipnoi). Andrews (1973) divided the Crossopterygii into two groups based on details of the skull roof pattern: Quadrostia (Onychodontiformes, Osteolepiformes + Rhizodontiformes) and Binostia (Actinistia + Porolepiformes). This division is very unusual and subsequently has only been reproduced by Zhu & Schultze (2001) , where Porolepiformes and Actinistia are the subsequent basal groups within the "Crossopterygii." By contrast, Bjerring (1973) identified the actinistians as a separate group "remote from other groups of gnathostome craniates" (p. 200). Schaeffer (1973) attempted the first phylogenetic arrangement of primitive actinopterygians, with acipenserids and their close relatives at the base of the cladogram, whereas Jessen (1973) argued for a closer relationship of acipenserids with teleosts. The most important papers were those on the interrelationships of teleosts and neopterygians; they became the framework for phylogenetic research on these groups that has persisted up to the present day. The investigation of the interrelationships of neopterygians by Patterson (1973) is a classic example of how questions of interrelationship should be approached. The contributions by Greenwood (1973) , Roberts (1973) and Rosen (1973) Reports on descriptions and the biostratigraphy of vertebrates from the Ordovician to the Triassic were presented at the third symposium in 1976 (Figure 3 ). The modern approach of the second symposium was not followed. For instance, Jarvik compared structures of extant sharks with those of acanthodians in his traditional approach and concluded that sharks and acanthodians are closely related (Jarvik, 1977) . A round table including T. S. Westoll, E. Jarvik, M. A. Shishkin (Figure 4 ), E. I. Vorobyeva, N. S. Lebedkina and H.-P. Schultze centered on the discussion of the homology of skull roofing bones in osteichthyans and specifically in sarcopterygians. M. A. Shishkin (see Shishkin, 1973 ) favored Westoll's homologies (Westoll, 1943) and rejected postulated homologies of the skull roofing bones in temnospondyls and osteolepiforms by Jarvik (1967) . He also contradicted N. S. Lebedkina, who referred to extant actinopterygians, because according to Shishkin it was not certain that the names of the skull roofing bones of teleosts were correctly homologized with those of tetrapods. Jarvik referred to comparisons between the extant frog and the fossil Eusthenopteron and raised doubts on all phylogenetic connections as the basis for homologization. Jarvik followed the approach of the "Swedish school," that is, homology not by common ancestry but by similarity only. Westoll's homologization is still accepted today (e.g. Jollie, 1962; Schultze, 1993; Janvier, 1996) but only with In 1983, the fourth symposium started in Sydney and continued in Canberra, Australia. It included the biogeography of early vertebrates for the first time, but only G. C. Young dealt with the subject. He introduced vicariance biogeography based on cladograms (Young, 1984) . At the time, this was not strictly new anymore, but the approach was still not used in early vertebrate research. Papers on the biostratigraphy of vertebrates, the interrelationships of different groups and the description of new forms were presented (Campbell et al., 1984) . For the first time the wealth of Australian Palaeozoic fishes was showcased by a very active Australian group of palaeoichthyologists ( Figure 6 ). The majority of papers dealt with placoderms. Goujet (1984a) presented a new scheme for the interrelationships of placoderms, in which the antiarchs did not form the closest relatives of the arthrodires, as in earlier relationship schemes. The more basal placement of antiarchs compared to arthrodires within the placoderms is now accepted (Goujet & Young, 1995; Goujet, 2001) . Papers on dipnoans came second in terms of number of presentations. Campbell & Barwick (1984) demonstrated that the posterior internal nasal opening of dipnoans could not be homologized with the choana of tetrapods (contra Rosen et al., 1981) . A new osteichthyan from the Lower Devonian of China, Diabolepis (described first as Diabolichthys by Chang & Yu, 1984) , was presented as an early lungfish still with two external nasal openings. This fish stirred up a lot of controversy at the symposium and during the following years.
Linnean Society
The field trips were an integral part of the symposium, during the move from Sydney to Canberra ( Figure 7 ) and after the symposium. It was therefore of advantage that the number of participants was small so that effective discussions could take place, especially on the palaeoenvironment of the Red Beds. "They are continental as is written in good textbooks" (K. S. W. Campbell, personal communication to A. Blieck and D. Goujet). After the cultural revolution, Chinese palaeontologists became very active in collecting and publishing on new discoveries, e.g. of Devonian fish fossils. The fifth symposium in 1987 was the first opportunity for most of the participants from the West to meet a younger generation of Chinese palaeoichthyologists ( Figure 8 ) and to visit the Devonian localities in southern China. Half of the presentations (and papers published in the proceedings: Chang et al., 1991) were on Chinese Devonian fishes with one on Chinese Permian fish. This symposium gave the first glimpse of the importance of Chinese Early Devonian vertebrates, that was to come in the following years, including Diabolepis, which had already created controversies at the 1983 symposium in Australia. Indirectly, Campbell & Barwick (1991) opposed the relationship of Diabolepis with dipnoans, because they argued for secondary appearance of teeth (denticles) in dipnoans. Thus they also opposed Denison (1968) who had already considered denticulation as primitive for dipnoans at the first symposium. Young (1991) described the first armored agnathan vertebrate from the Devonian of Australia, preserved only as a mold; H.-P. Schultze argued for similarities with arthropods. One paper on the caudal skeleton of teleosts and the interrelationships of this group (Arratia, 1991) dealt with a relatively young, and very different group of fishes than all the other papers, and became a widely cited paper among ichthyologists studying teleosts. Like Arratia (1991) , half of the authors used Hennig's principles to establish interrelationships. The researchers on microvertebrates joined in the spirit of the 1976 symposium and decided to begin a cooperative project. S. Turner pushed forward the idea and started a newsletter (Ichthyolith Issues) in 1988.
The Symposium on Early Vertebrate Studies and Related Problems in Evolutionary
reservations by ichthyologists studying actinopterygians, who favor tradition as a means of achieving a "stable" terminology.
Palaeoichthyologists from the East (V. Karatajuté-Talimaa, T. Märss) and the West (A. Blieck, S. Turner) (Figure 5 ), studying vertebrates as stratigraphic markers, met for the first time and started to discuss the importance of this type of material for biostratigraphy, a "byproduct," after Gross, of careful work on the histomorphological features of microvertebrates.
Symposium on the Evolution and Biogeography of Early
Vertebrates. Sydney and Canberra, Australia, February 16-26, 1983 During the symposium, which was held in Fangshan near Beijing Chinese colleagues presented aspects of Chinese culture ranging from Choukoutien (Peking man) to the Forbidden City. Several important Devonian localities in Yunnan ( Figure 9 ) were visited. In Yunnan, during the field trip, there were many discussions concerning the age and correlation of the strata around the Silurian-Devonian boundary. The "2 nd International Colloquium on the Middle Palaeozoic Fishes" in Tallinn was proposed for 1989, even though the next symposium on early vertebrates was planned for 1991 in Miguasha, Canada, during the symposium in China. Still the symposium in Tallinn was accepted as follow-up symposium of the fifth symposium.
The symposium in Tallinn in 1989 took place at a time of great political changes in eastern Europe. The 50th anniversary of the Molotov-Ribbentrop pact, which dismantled the Baltic States, was commemorated at many sites in the town. Baltic and Russian colleagues who were not able to attend the symposia in Australia and China, were present in great numbers and young students of palaeoichthyology from many different countries also appeared ( Figure 10) . As a change, talks (and papers in the proceedings, Mark-Kurik, 1992) were arranged by subject and not in the usual systematic order from agnathans to tetrapods. More than half of the talks and posters described new forms, or dealt with their relationships (e.g. Valiukevicius, 1992) ; less than one third discussed palaeoenvironments (e.g. Kurss, 1992) , a subject preferred by the Baltic colleagues because of the availability of a dense network of borehole records; and only one fifth of the talks dealt with functional morphology (e.g. Vorobyeva & Kuznetsov, 1992) . In the proceedings (Mark-Kurik, 1992), the division into subjects (palaeoecology: 8 papers; functional morphology: 5 papers; morphology, ontogeny and relationships: 10 papers; environment and fish assemblages: 6 papers) was followed more strictly.
In contrast to the symposium in 1976 in Tallinn, field trips were possible on this occasion. The Devonian in southern Estonia and in Latvia, including the house where W. Gross grew up (Schultze, 1996 , Figure 1 ) and started to collect fossil fishes as a schoolboy, and the Silurian of Saaremaa (Ösel) were visited. The director of the Parc de Miguasha, M. Arsenault, used the symposium to successfully obtain new buildings for the park, so the seventh symposium, held in 1991, could take place in the newly finished lecture hall. Arsenault was also able to convince E. Jarvik, then aged 83 (Figure 11 ), to attend one more symposium on early vertebrates having last taken part in 1976. Eusthenopteron foordi, the best described fossil fish (Jarvik, 1980 and citations therein) , is found at Miguasha, nevertheless Jarvik had never previously visited the locality (in Jarvik's publications this locality is cited as Escuminac or Scaumenac Bay). Eusthenopteron is often taken as an example of a fish on the transition to tetrapods, although Elpistostege, also from Miguasha, is closer to the tetrapods. Thus in addition to talks about the fauna and flora of Miguasha (see Schultze & Cloutier, 1996) , the transition to tetrapods Carroll, 1995) was an important theme of the symposium. Nevertheless, most participants ( Figure 12 ) chose to present descriptions of new forms and their relationships. The first meeting of the IGCP 328 research group on the biostratigraphy of microvertebrates, initiated by S. Turner and G. C. Young, also took place during the symposium in Miguasha. The results of the seventh symposium (Arsenault et al. 1995) and those of the eighth were published in the same year. The field trips visited the Devonian of Gaspé Peninsula and the Carboniferous of Nova Scotia. In 1995, the eighth symposium, "Premiers Vertébrés et Vertébrés Inférieurs," was held in Paris. This was the largest symposium held so far with over 100 participants ( Figure 13 ) from 23 different countries. Seventy three talks and 23 posters were presented. The presentations were systematically arranged, running from "agnathans" to sarcopterygians, and divided into nearly equal sessions on histology/"agnathans," placoderms, chondrichthyans + acanthodians, actinopterygians and sarcopterygians. There were more talks on histology than usually occur at the symposia, two dealing with Harding Sandstone remains. Twenty two percent of the talks were presented in the sessions dedicated to microvertebrate biochronology (IGCP 328), the final meeting of research group IGCP 328 (Blieck & Turner, 2000) .
Premiers Vertébrés et Vertébrés
An field trip to the Devonian and Carboniferous of northern France and Belgium followed the symposium, which ended in a visit of a champagne cave. In 2000, the ninth symposium was held in Flagstaff, Arizona, and, again, was very well attended with many North American colleagues taking part. English colleagues tried to convince the palaeoichthyologists that carpoids (R. P. S. Jefferies: calcichordate theory) and conodonts (P. C. J. Donoghue) are chordates and vertebrates respectively. The papers on fishes were nearly equally distributed among "agnathans", placoderms, chondrichthyans and osteichthyans. In addition there were six papers on early tetrapods. A meeting of IGCP 406 also took place.
Only a few of the numerous talks and posters given at the meeting were published in a special issue of the Journal of Vertebrate Paleontology (Elliott & Gottfried, 2001 ), but nevertheless the issue contained some very important contributions. Braincases, with fissures, of an Early Devonian and a Late Devonian chondrichthyan were described (Maisey & Anderson, 2001; Maisey, 2001a) supporting an earlier proposal by Maisey (2001b) that the occurrence of fissures is a primitive gnathostome feature, in common to chondrichthyans and teleostomes. The detailed description of an Early Devonian actinopterygian braincase (Basden & Young, 2001 ) demonstrated another common feature of gnathostomes: the occurrence of an eyestalk, as in placoderms (Goujet, 1984b) , elasmobranchs (Gross, 1937) and sarcopterygians . Sahney & Wilson (2001) (Figure 14) argued that an open endolymphatic duct allowing the entrance of extrinsic grains into the labyrinth, is primitive for osteostracans and gnathostomes because grain-filled labyrinths occur in Early Devonian osteostracans, acanthodians and putative chondrichthyans.
P R O V A S xii
The field trip following the symposium visited Devonian localities in Nevada and Utah (Figure 15) (Young & Moody, 2002) . The organising committee, headed by Martha Richter, had invited speakers to give overviews on selected subjects. These talks on the history of the symposia, the position of vertebrates within deuterostomes, the phylogenetic origin of teeth, the transition from piscine sarcopterygians to tetrapods and the relation between ontogeny and phylogeny in teleosts, introduced very welcomed elaborations on the subjects. Most papers arranged from "agnathans" to tetrapods, described new forms and characters, few presented phylogenetic analyses. A functional analysis of a pteraspid model faulted earlier ideas on the swimming of pteraspids. A meeting of IGCP 491 was held.
Brazilian Permocarboniferous localities (similar to localities in Uruguay) were visited following the symposium in Gramado. The presentation above corresponds to the sequence of "official" symposia. In addition, there were other meetings, that were attended by groups of palaeoichthyologists between the listed symposia. At the beginning, the CNRS meetings on "Évolution des Vertébrés" organized by J.-P. Lehman in Paris in 1966 and in 1973 (see Lehman, 1967 , 1975 competed with the symposia on fossil fishes. By contrast to the Paris meetings in 1966 and 1973, the first two symposia on early vertebrates in 1967 and in 1972 were more focused and lay more in the main stream of the evolution of phylogenetic approaches.
The creation of an active group using microvertebrates for biostratigraphy required annual meetings or workshops, that in most cases were held in connection with other meetings. After the start of the correlation program UNESCO-IUGS IGCP 328 ("Palaeozoic Microvertebrates") 1991-1993 under the guidance of S. Turner and G. C. Young and 1993-1996 under the guidance of A. Blieck and S. Turner at the seventh symposium in Miguasha in 1991, a sequence of meetings followed between 1991 and 1995. These were as follows: in 1992 in Guilin ("International Symposium on the Devonian System and its Economic Oil and Mineral Resources") and in Beijing, China; in 1993 in Göttingen, Germany (Gross Symposium: Turner & Blieck, 1996 , 1997 ; in 1994 in Moscow, Russia (Turner, 1995) ; and the final meeting in 1995 at the eighth symposium in Paris (Blieck & Turner, 2000) . IGCP 328 was followed by IGCP 406 ("Circum Arctic Palaeozoic Vertebrates" under the guidance of M. V. H. Wilson and T. Märss) with workshops in 1996 in Uppsala, Sweden, in Edmonton, Canada, and in Tallinn, Estonia (3rd Baltic Stratigraphy meeting), in 1997 in Buckow, Germany (Wilson, 1997) , and in St. Petersburg, Russia (Ivanov et al., 1997) , in 1998 in Warsaw, In 2004, the tenth symposium, and the first in South America, has been held in Gramado, southern Brazil. There are relatively few palaeoichthyologists in South America, and South American Palaeozoic fish fossils are rare. Few Brazilian palaeoichthyologists attended the meeting and presented their results. Ordovician to Devonian fish fossils (Lelièvre et al., 1993) are known from Bolivia (Gagnier, 1992 , Janvier, 1992 , Arratia & Cione, 1996 , Brazil (Janvier & Melo, 1988) , and Devonian fish fossils have been reported from Venezuela P R O V A S xiii 
STATISTICS OF THE SYMPOSIA
The symposia on early vertebrates were always small events with less than one hundred participants (exception Paris 1995: 103) . The first five symposia had less than 60 participants. The hosting country is always represented by the highest number of participants. The centers of palaeoichthyology have moved from country to country over the years. The 1960's were the high point in Stockholm. Thereafter, the number of palaeoichthyologists in Sweden has dropped, until they have nearly disappeared; four were present at the second, three at the third, and two at the seventh symposium. The center of research in palaeoichthyology had moved to Great Britain and France by the end of the 1960's. The French group had been build by J.-P. Lehman, a pupil of E. Stensiö, in the 1960's, whereas palaeoichthyology had a long tradition in Great Britain. At present the pupils of J.-P. Lehman are reaching retirement age, and few young palaeoichthyologists have taken their places so that the group of French palaeoichthyologists is thinning out. A similar situation is happening in Great Britain. The group of Soviet palaeoichthyologists formed by D. V. Obruchev in the 1950's and 1960's, was somewhat isolated by the political situation; only D. V. Obruchev and E. I. Vorobyeva took part in the first symposium in Stockholm. D. V. Obruchev, who had students from Russia, the Baltic region and even China, was as of great importance for palaeoichthyology in the East as E. Stensiö was in the West. There is still a large group of young palaeoichthyologists in Russia and the Baltic States.
The symposia in Australia and China introduced new active centers with young palaeoichthyologists and important new finds of Palaeozoic fishes. The Australian palaeoichthyologists are still very active, even though many are retired. In China, the situation for palaeoichthyology has improved, and the group is still very active and diversifying.
The number of contributions in the proceedings, when compared to papers given at symposia decreased from 72% and 93% in the first two symposia to 39% in the seventh and 23% in the ninth ( Table 1 ). The eighth symposium is an exception where this value reached 73%, because extended abstracts were requested before the symposium. This reflects a situation wherein authors preferred to submit (or had already submitted) their manuscripts to another journal or book as, for example, was the case with the contributions on Miguasha fossils at the seventh symposium, subsequently published as a book (Schultze & Cloutier, 1996) . At the fourth symposium, many participants gave more than one presentation. The editors of the proceedings Poland (Ginter & Wilson, 1998) , in 1999 in Jurmala, Latvia (Luksevics et al., 1999) , in 2000 in Flagstaff, Arizona, USA, at the ninth symposium, and with a final meeting in 2000 in accepted a few contributions that were not presented at the symposia because participants were requested to offer a "more" interesting subject. Contributions in honour of E. Stensiö were solicited for the proceedings of the first symposium. The ten additional contributions in the proceedings (extended abstracts) of the eighth symposium represent abstracts of presentations that were not given at the symposium.
Personal attendance of the symposia has fluctuated considerably. Only a few people have attended most of the symposia. The author participated in all, whereas D. Goujet only missed the second symposium in London. A. Blieck and S. Turner, the organizers of IGCP 328, were present at seven symposia, and M. M. Smith and E. I. Vorobyeva at six. At the first two symposia the old guard with A. Heintz, E. Jarvik, J. 
CONCLUDING REMARKS
The first symposium on early vertebrates marked the end of the "classic era" of palaeoichthyology and the start of a new approach to phylogenetic systematics. Many controversies discussed in the first symposium were later decided following the introduction of new ideas. The diphyly of cyclostomes (Stensiö, 1968) changed to the question of the placement of the petromyzontoids between Palaeozoic "agnathans", with anaspids (Janvier, 1981) or below all armoured "agnathans" (Janvier, 1996) , whereas the myxinoids moved to the base of the Craniata. A group "Cyclostomata," as found in many zoology textbooks, is no longer accepted.
Most changes in phylogenetic relationships concern the gnathostomes. Placoderms are no longer placed as a sister group of chondrichthyans; and two researchers, Goujet & Young (e.g. 1995) , have changed the way we see the interrelationships of the groups within placoderms. The acanthodians are today considered as a sister group to the osteichthyans (Miles, 1968 (Miles, , 1973 in contrast to earlier ideas which placed them closer to chondrichthyans, or even placoderms. Nevertheless, some characters that are used to place acanthodians and osteichthyans together as Teleostomi, also occur in chondrichthyans (Maisey, 2001a, b) . Even a feature like the eyestalk, once considered a unique feature of chondrichthyans, occurs in placoderms (Goujet, 1984b) , actinopterygians (Basden & Young, 2001 ) and sarcopterygians (Zhu et al., 2001) . The division of osteichthyans P R O V A S xv Table 1 . Number of participants, presentations and posters at the symposia, and papers published in the proceedings.
into Actinopterygii and Sarcopterygii is accepted. Different schemes of the interrelationships of the various groups within higher taxa of sarcopterygians still exist. Nevertheless, it is generally accepted that the tetrapods are monophyletic and their closest relatives are the Elpistostegalia and "Osteolepiformes." The second symposium already took place completely in the spirit of Hennig's phylogenetic principles and was marked by the absence of some of the old guard. Many phylogenetic results of the contributions in the proceedings of the second symposium are still accepted and treated as classic papers (e.g. Patterson, 1973) . The approach of basing interrelationships on similarities, has been replaced by a search of shared derived features (synapomorphies) indicating sister group relationships.
The most important role of the symposia was to enhance cooperation between palaeoichthyologists of different countries, especially in the area of microvertebrate biostratigraphy. Even support could be raised from UNESCO for this project. Moreover, the symposium in Miguasha gave the director the leverage to enlarge the facilities at the park. Thus the symposia provided the possibility for raising support in addition to promoting scientific cooperation.
